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[Following is the translation of & Russian article by
V. P. Dokuchayev appearing in the Doklady Akademii Nauk

SSSR (Reports of the Academy of Sciences USSR), Moscow
« 1960, vol. 131, No. 1, pp T8-81.7

As is known, the flight of meteors through the earth’s atmosphers
is accompanied by various electromagnetic phenomena™. Besides in-
tense optical radiation, there is observed a cheracteristic radio
emissiog from the ionized meteor trails in the long and médium wave
lengths®s3. During the flight of bright bolides and meteors deviations
of a compass needle have been noted. In several photographs of large
meteors one can observe & luminous aureole around a flyilag particie.
Tn the zone of the poler aurore the passage of a meteor leads to
an "ignition" of visible light. It is possible that ordinary meteors
participage in forming the micropulsations of the magnetic fileld of
the earth’. '
The calculated experimental facts can be explained by the
electrical charge in a gas, caused by the flight of meteors through
the upper layers of the atmosphere of the earth.
However for this to occur a mechanism is reguired that will
explain the appearance of sufficiently strong electric fields, havinz
a field strength E larger than the breakdown voltage Eb’
. I. Lebedinskiy”»® has considered the charge of the ions
here as applied to the gas charge, gnd Wulf! has considered it as
applied to the particular radiation of the night sky. In these works .
it was considered that the gas charge occurs in induced electric i
fields. A strong induced field arises in the zcne of the polar auroré ™
., as a rvesult of the motion of fast particles of solar origin acroes
d the lines of force of the geomagnetic fleld. Wulf was interested in
altitudes of about 200 km where the breakdown voltage is not large.
In the meteor region of altitudes of 80-120 km the homogeneous elec-
trical fields do not”exéeed the breakdown voltage. The earth?s
electrical field quickly falls off_in a direction above the earth’s
' surface and is no greater than 107 v/cm at the altitudes mentioned.
The induced electric field E; is formed in this region on account of




a_

the solar wind, and it is gilven by the formula859

B, = & [WE], (1)
where V is the velocity of the medium and H, i1s the magnetic field
of the earth. Assuming thet V = 100 m/sec and E, g 0.3 gauss,
we got B T 3.107° v/em. It is shown in an article” that as a result
of the polarization of the E-laysy of the ionospgere there is formed
an electric field of strength B, = J< E z 107 v/em, whgre ¢, and
s, are the transverase and Hall electrical conductivities™. Thus,
in the meteor regionthere are induced electric fields of strength
E ° 1072 v/cm.

The passage of a meteor through the upper layers of the at-

’mosphere is accompanied by the observation of a strongly ionized traill,

consisting mainly of electrons and ions of the material of the
meteor (meteoric plasma). The concentration of electrons in the
trail is several orders of magnitude greater than the concentraticn
of electrons in the ionospheric plasma surrounding it. Thus, for a
meteor of /5 stellar magn%tude the concentration at the initial time
is N, =7 107 electrons/cm’, while eyen at the mexjmum of the E layer
at & height of 110 km, Ny & 2.5:107 electrons/om’.

As a result of this, we can assume that a meteoric particle
leaves behind itself a cloud of highly conducting gas surrounded by
a gas of significantly lower conductivity. It is essential that
this cloud have the form of a strongly elongated continuous cylindex
with a mean length of 1 = 10 km and a radius R = 5 m. On the other
hand, it 1s known that every comductor in the external electric field
E, 1s polarized and distorts the geometry of this field in such a wuy
that near the sharp corners of a conducting body an increased in-
homogeneous electric fleld appears. This comes about as a result of
the polarized charges on the surface of a conductor.

In order to determine the effect of the increase of electric
field near the edges of the meteor trall, we approximate it by a
strongly elongeted ellipsoid of revolution; to this end electro-
statics is used to calculate the field from a charged filament of
finite dimensionsi®., In the cese where the external electric field
E_ is oriented along the major axis of the conducting ellipsoid of
revolution (the axis of
field near its verticeslcz

\ 2
Emax = --—-—-:L > EO 2 (2)
5 Ty 1lg (21/ry) --1

where ry® = 4Dt £ r 2 1s the effective radius of the treil (the
minor semiaxis of tﬁe ellipsoid); D is the daiffusion coefficient and
r, is the initial radius of the trail.

the trail), it is easy to find the strengtkened



It is obvious that the incresse of the field E,, in which
the moving meteor forme 1ts ionized treil, will be greater in the
leading part of the trail. since the radius of the initial portion
increases over the time of flight as & result of diffusion, and the
field decreases in acoordance with formula (2). We introduce as
average values v, = 5 mand 1 = 10 km, then the increased field in
the leading pert of the trail will be E . = 100 = 10 v/om. The
field is increassed along the entire lengtﬁ of the ellipsoid but the
greatest increase occurs near the vertex at & distance of about
a - 0.12. As a result the strongly elongated, needle-shaped form
of the trail leads to an ingrease in the electric field surrounding
the trail by a factor of 100. The degree of increase depends on the
angle at which the meteor flies with respect to the lines of force
of the electric field E : for a trensverte paseage there is practi-
gliy no increase. It 18 easy to show that the surface strength
E°/'y acting in the direction of the increased field on the surfece
polarized charges does not exceed the partial pressure of the meteor
plasma and hes no part;c ar mechanical effect on trails with en
electron density N K 10 0 e1ectrons/c
The value oi the breakdown voltage of the electric field,
leading to the appearance of an glectric gas cherge, can be found by
wsing the well known expression

5"7'?3&?’&) (3)

where p 1is the gas pressure in millimeters of mercury; d is the lenguh
of the discharge gap in centimeters; and A = 2.6+10° and B = 0.68

are constante connected with the ionization coefficients of the
electrons and ions*l., At the ave§age helght of the nmeteor region

h = 92.5 km, we introduce p = 10~ of mercury 13/ and & = 1 km

18 the mean diameter of the region of the increased field. Substi-
tuting these valuee in formula (3), we get ' =1 v/cm. Perpendicuiar
to the magnetic fleld of the earth the breakdown voltage increases 1o:

{

E'PIP = fo E'np) (’4)

whereJ. and ¢; are the electrical c%nductivitles along and across
the geomagnetic £1e1d9 respectively. At & height h = 110 km,

" =10 v/cm. A comparison of the breakdown voltages and the in-
creased field at the leading part of a meteor trail showe that it
18 possible to fulfill the brealdown con&itionsll. Thus the lncrease
of the electric field near the moving meteor leads to the formation
of one kind of ges charge.

On the besis of this one can draw the conclusion that the
luminous aureole near the moving meteor arises as a result of corona
forrmation in the leading part of the ionized trail. The corona
occupies the entire region of the inhomogeneous electric field and
has a diameter of the order of 1-2 km. The passage of bright meteors
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in strong electric fields can be accompanied by a changeover from a
coronal discharge to a spark type of lightning., The development of
a path for a spark discharge is facilitated by the presence of the
conducting cylindrical trail, the leﬂing pert of which spreads
with a velocity of about 5-10 km gec="" leading to an increase in
the true velocity observed by means of radiov-locating stations.
Redio emission both of the corons and the spark discharge lead to
interference in radilo reception in the long-wave reglon. '

In a spark discharge the electric current along the trail

increases gignificantly, and this can lead to nicro-oscillations in

the magnetic field of the earth. We shall introduce approximate
valves for the current in the case of electric breskdown. We shall
assume that the traill breakds down under the action of the processes
of diffusion and recombination. In this case the concentration of
the meteor plasma is determined by the fornmlal

o-r2/r?

N (r, t) & ey 5)

( > 1) " (l / t) t (5
vhere Q 18 the 1nitia1 linear density of electrons, and k is & re-
combination coefficient. The current density in the absence of break-
down J, = C E,, where the conductivity € 26 N(r,t). The total
curren % I 'through a cross-section of the trail can easily be found
by integreting J, over this cross-section.

e ATT "‘QE '
) 5 ri (rt)arag = _ 70 ()
T /KT

In accordance with the general theory of electric discharge,
the spetial distribution of the increased “current can be evaluated
from the formule I.— Ige < 4"  where <« is the ionization ccefficilert
of en electron and d' is the effective discharge gap. Taking into
account the inhomogeneity of the electric fileld and the space chargs
connected with it, the exponent in the exponential <4’ = 8. As a
resulu the current is increased by a factor of 30C0. Fore = 100 cm}!sac,
Q = 1013 electrons/cm, and E; = 1072 v/cm, the initial current
I =10 -2 amp, vhile the increaaed. one reaches a value I ~-30 amp.
Such a curxrent could ca;}Se a microvariation in the megnetic field
of the earth <{{H, = 10 ' gauss.

The indicated calculations are correct for meteors passing

through the electric field near the surface of the earth, which in

fair weather has the avgrage value E, = 1 v/em. An increase of the
field by a factor of 10" in the leading part of the lonized meteor
cloud may, also exceed the breakdown voltage in the troposphere

= 3-10° v/cm. St. Elmo's fire and electric discharges in the form
o}" lightning, occurring in the fall of meteors have been noted by
Beveral observers™,
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